A 70-year-old man was admitted to Hermann Hospital, Houston, Tex, for further evaluation of progressive dyspnea on exertion and pedal edema. He had an evaluation for congestive heart failure 18 months earlier in another city, including coronary angiography, which revealed normal coronary arteries, an echocardiogram, which showed mild left ventricular systolic dysfunction without hypertrophy or dilatation, and a myocardial biopsy reported to show focal amyloid deposition.
whiskey every night. He had a 10 pack-year history of cigarette smoking, having quit 30 years ago.
Physical Examination
Physical examination revealed a well-nourished man in no acute distress. He was alert and oriented to time, place, and situation. Height was 68 in., and weight was 150 lb. Vital signs revealed a temperature of 98.4°F; pulse, 68 and regular; respirations, 16 , supine blood pressure, 110/60 mm Hg; and upright blood pressure, 110/65 mm Hg. Head examination was normocephalic with clear sclerae; pupils were equally round and reactive to light and accommodation; extraocular movements were intact; optic discs were sharp; tympanic membranes were clear; no sinus tenderness or discharge was present; and the oropharynx was clear. The (Fig 1) , and radiographs (Figs 2 to 4). Serum protein electrophoresis revealed a monoclonal spike in the gamma region, and subsequent immunofixation electrophoresis revealed immunoglobulin G-K monoclonal bands in the serum and free K light chains in the urine. Cardiac workup consisted of a resting multiple gated acquisition radionucleotide ventriculogram scan, which showed an ejection fraction of 0.48; a 24-hour Holter monitor ECG, which had a predominant normal sinus rhythm with rare multiform premature ventricular contractions; and an echocardiogram, Radiographic Findings (Phoebe Chen, MD) Our patient had radiographs of the lumbar spine that showed mild demineralization and degenerative changes -AVR (Fig 2) . A skull radiograph was unremarkable (Fig 3) , and radiographs of the cervical spine showed degenerative changes in C6 and C7. No Table 2 .
Amyloid is an amorphous eosinophilic, extracellular substance with a rubbery consistency and a waxy pink or gray appearance. With amyloid deposition, organs may enlarge markedly, especially the liver, kidney, spleen, heart, and/or tongue. Amyloid stains pink with hematoxylin and eosin stain and shows metachromasia with crystal violet. The Congo red stain allows amyloid to be identified as a green birefringence when sections are viewed under the polarizing microscope. Electron microscopy allows the amyloid fibril to be identified by its characteristic appearance.
Involvement of the heart by amyloid may be focal or diffuse with amyloid deposits in the myocardium, endocar- useful in the control of heart rate in patients with atrial fibrillation, and in the early stages of amyloid deposition in heart, they may also provide some symptomatic benefit in the treatment of congestive heart failure. However, once amyloid deposition is extensive, the value of cardiac glycosides is questionable, and they need to be given with care since patients with cardiac amyloidosis may be sensitive to digitalis.
In our patient, a repeat cardiac catheterization and myocardial biopsy were performed at our institution. The patient had evidence of elevated left ventricular end-diastolic pressure and systolic dysfunction without restrictive physiology. His coronary arteries were normal. The repeat myocardial biopsy demonstrated progression of his amyloid deposition.
The remaining key question related to the further evaluation and treatment of this patient was determination of whether the amyloidosis was limited to his heart or whether he had systemic amyloidosis, in which case further consideration of a heart transplant would not be indicated. A Thus, the additional evaluations made it clear that our patient had systemic amyloidosis without evidence of multiple myeloma. His heart failure probably was related to the progressive deposition of amyloid. With the identification of systemic amyloidosis, further consideration of heart transplantation became inadvisable. We elected to treat him cautiously with a diuretic, salt restriction, and digoxin and to continue his colchicine therapy. His clinical course was atypical in that the progression in his symptoms had been rather slow, and he was alive and able to perform limited activities approximately 18 months after the diagnosis initially was made. Thus, his systemic amyloidosis was progressing more slowly than is typical of many other individuals.1-4 Colchicine has been used in patients with familial Mediterranean fever and associated amyloidosis and has been shown to slow the progression of amyloid deposition in such individuals.' Whether colchicine alters the progression of systemic amyloidosis in patients without familial Mediterranean fever is uncertain presently, but one wonders about its possible protective role in this patient, whose clinical deterioration was progressing more slowly than usual.
Heart transplantation has been used in the treatment of isolated individuals with amyloid deposits limited to their hearts, and prolonged survivals of at least 2 to 3 years without clinical evidence of new heart failure have been described ( Thus, the amyloid diseases are based on the type of amyloid protein involved (Table 2 ). These proteins include AL amyloid, composed of immunoglobulin light-chain fragments and related to immunological and neoplastic diseases; AA amyloid, composed of a product of a protein (SAA) synthesized in the liver in various autoimmune states and infections; transthyretin or prealbumin associated with senile amyloidosis and isolated cardiac involvement and other conditions; the endocrine amyloids; and amyloid associated with Alzheimer's disease.' Given the facts of the case, the main differential diagnosis in this patient was whether he had the AL type of amyloid or whether he had the prealbumin (transthyretin) type of amyloid, which is associated with isolated cardiac amyloidosis or localized senile amyloidosis. Other considerations were whether the patient had some type of idiopathic cardiomyopathy, with incidental amyloid in the heart related to his age, or whether amyloid deposition was the basis for his heart disease. Did he have amyloid in locations other than the heart? Did he have multiple myeloma? Based on these considerations, we performed a bone marrow examination, which showed that the patient had a normocellular marrow with 20% plasma cells, some of which had atypical features (Fig 6) . Thus, the bone marrow had a moderate plasmacytosis but was not diagnostic of multiple myeloma. Congo red stain on the bone marrow was reported as negative. The Congo red stain is touted as providing definitive diagnostic information regarding amyloidosis, but it is a difficult stain to perform and interpret. It can be falsely negative when there are only small amounts of amyloid. It is always important to couple the histochemistry with electron microscopy.
Based on the initial report on the bone marrow, biopsies were performed of gingiva, abdominal skin and fat, and rectum. On Congo red stain, the gingival biopsy was negative, but the abdominal skin biopsy had many of the sweat glands and small blood vessels with Congo red-positive material in the basement membranes (Fig  7) . These areas showed the characteristic apple-green birefringence of amyloid in contrast to collagen, which has a white birefringence. The rectal biopsy also was positive for amyloid.
On reexamination of the bone marrow, some blood vessels in the bone marrow were identified with hyalinized eosinophilic material in their walls (Fig 6) . On electron microscopy examination, a blood vessel showed deposition of matted fibrillar material, which at high magnification had the composition of nonbranching fibrils of about 10 nm (100 A) in diameter (Figs 8 and 9 ).
These fibrils were typical of amyloid. The repeat myocardial biopsy showed multifocal hyaline deposits in the interstitium as well as in blood vessels (Fig 10) . This material stained positively with Congo red had positive apple-green birefringence and consisted of tangled masses of small filaments by electron microscopy. In this myocardial biopsy, electron microscopy showed a thin rim of amyloid surrounding several myocytes (Figs 11 and 12) . The perivascular and interstitial amyloid deposition predisposes to impaired oxygen transport to the muscle cells and eventual ischemic atrophy and loss of myocytes.
To summarize, 18 months before admission, there was evidence of limited vascular amyloid deposits in the heart. The new diagnostic evaluation revealed evidence of systemic amyloid deposition. The bone marrow had 20% plasma cells, and electron microscopy showed amyloid fibrils in a blood vessel. Gingival biopsies were negative; however, rectal and abdominal fat biopsies were positive, and there was evidence of progression of amyloid involvement of the heart.
Immunocytochemistry also was performed on the second heart biopsy. 16 Immunochemical Analysis (Dr Elizabeth Hartwell)
Protein electrophoresis was performed on serum and urine samples from the patient. Serum protein electrophoresis showed a normal distribution of all globulin fractions with a small restricted band in the mid-gamma region, corresponding to a monoclonal protein. Protein electrophoresis on a random urine sample (total protein, 7 mg/dL) showed no abnormalities.
Serum immunofixation electrophoresis was performed to characterize the monoclonal protein present. Immunofixation electrophoresis is agarose gel electrophoresis followed by immunoprecipitation through the direct application of monospecific antisera (anti-immunoglobulin G, A, and M and anti-K and -A) to the gel. Analysis of the immunofixation electrophoresis gel ( Fig  13) showed a restricted dense band in the lane containing anti-immunoglobulin G antiserum with a band of corresponding mobility in the lane containing anti-K antiserum. This identified the monoclonal serum protein as immunoglobulin G-K. In addition, migrating in a slightly anodal position, a second, very faint monoclonal immunoglobulin G-K protein was detected.
Although a monoclonal band was not seen on routine urine protein electrophoresis, immunofixation electrophoresis was performed to detect monoclonal immunoglobulins that may have been present in the urine at low concentrations. The immunofixation electrophoresis gel (Fig 14) showed at least four discrete, evenly spaced bands present in the K lane without corresponding bands in any of the heavy-chain lanes. The significance of these multiple bands was uncertain. This type of light-chain pattern has been called a "ladder," "stairstep," or "pseudo-oligoclonal" pattern, '8 
